SUMMARY
CASE REPORT
A nine-month-old infant first presented at the age of two months with a heart murmur. Initial twodimensional echocardiogram suggested small/absent left pulmonary artery (LPA). A lung perfusion scan showed diminished perfusion to the left lung.
At six months of age, whilst awaiting cardiac catheter studies, the patient presented with recurrent upper respiratory tract infections and stridor. A barium swallow showed oesophageal indentation which suggested compression by a vascular ring. Cardiac catheter studies revealed a LPA "sling".
Relocation of the LPA to the main PA and division of the ductal ligament was done under cardiopulmonary bypass (CPB). The child was intubated without difficulty via the nasotracheal route with a 3.5 mm endotracheal tube (ETT). Conventional positive pressure ventilation was used. No difficulties were encountered with ventilation intraoperatively. On return to the Intensive Care Unit (ICU), the patient was easily ventilated with a controlled mandatory ventilation mode with airway pressures of not more than 24 cm H 2 O. However, on the second postoperative day, as the infant was being weaned from ventilatory support, respiratory efforts appeared to be laboured with rising levels of P a CO 2 . Computerized tomography (CT) scan of the thorax with 3D reconstruction showed congenital tracheal stenosis with a funnel trachea in the distal half of the trachea with possible narrowing of the left main bronchus.
Seven days after the first operation, a slide tracheoplasty was performed under cardiopulmonary bypass (CPB). After the slide tracheoplasty, ventilation was achieved with airway pressures of less than 24 cm H 2 O. The postoperative course was uneventful and the patient was quickly weaned from ventilatory support and extubated on the third postoperative day to nasal continuous positive airway pressure (CPAP). She was subsequently discharged home.
Four weeks later, she was readmitted to the ICU with stridor. Rigid bronchoscopic examination under general anaesthesia showed narrowing at the lower end of the slide tracheoplasty to approximately 2.5 mm at a distance of 1.0 cm above the carina caused by a stricture at the posterior anastomotic edge of the slide tracheoplasty. The patient was intubated nasally with a 3.5 mm ETT and sent back to the ICU for respiratory support in view of the potential airway oedema that was likely to occur after instrumentation of the airway.
Five days later, an elective patch tracheoplasty was carried out. The child was transferred from the ICU to the operating theatre and the ETT that was in situ was changed to a long uncut 3.5 mm ETT. The child was again intubated via the nasotracheal route. Anaesthesia was induced with isoflurane in 100% oxygen and muscle relaxation provided by pancuronium bromide. Saturations were maintained above 97% using 50% air in oxygen. Midazolam, fentanyl and morphine were also given to provide analgesia and hypnosis. An intra-arterial line was sited in the left femoral artery and a long central venous line via the left femoral vein. Both groins were left exposed in case femoro-femoral cardiopulmonary bypass was required to support gas exchange during the surgery. A cardiopulmonary bypass machine and circuit were prepared and available for immediate use. The operation was performed via a right-sided thoracotomy. Autologous costal cartilage graft was harvested and prepared whilst tracheal dissection was carried out. Once the graft was ready, the stenotic segment was incised. The lumens of the main bronchi were normal in size. During this period of time, 100% oxygen with isoflurane 1% was used and the tracheal defect was occluded intermittently by the surgeon to allow for ventilation of the lungs. Good team work between the surgical and anaesthetic team allowed the co-ordination of suture placement and ventilation. At no time did the child desaturate to less than 90%. Arterial blood gases were sampled regularly during the repair. Blood loss was not excessive. After the repair was complete the suture lines were sealed with Tisseel™ (Immuno, AG, Vienna, Austria) and covered with residual thymic tissue and a pedicled pericardial flap. The graft was airtight to 30 cm H 2 O pressure. The nasotracheal tube was then passed beyond the suture line so that it would serve as a stent for the graft. Flexible fibreoptic bronchoscopy was done at the end of the operation to check the position of the tip of the ETT and the Murphy eye of the ETT was positioned so that it did not face the suture line. The child was kept in a back brace which incorporated the neck and occiput to prevent cervical extension. Flexible fibreoptic bronchoscopy was done in the ICU on the sixth postoperative day and again on the fourteenth postoperative day. The ETT was changed on the fourteenth postoperative day as it was seen to be encrusted with secretions.
The postoperative course was otherwise smooth and the child was extubated on the sixteenth postoperative day. She has since been discharged home and at outpatient review was well and free from stridor.
DISCUSSION
The commonest cause for tracheal or subglottic stenosis in infants and children is endotracheal intubation. It has been reported to occur in two to six per cent of children who have been intubated 1, 2 . Acquired stenosis of the trachea can also come from external trauma.
Congenital causes for tracheal narrowing are rare.
They could be extrinsic, for example from vascular rings or intrinsic, congenital tracheal stenosis. Occasionally both can occur simultaneously. In particular, aberrant pulmonary artery or "pulmonary artery sling" may occur in association with congenital lower tracheal stenosis as in this case. In many series, congenital tracheal stenosis is associated with other congenital anomalies [3] [4] [5] [6] . Congenital tracheal stenosis is classified into three types (Figure 1 ). Type 1 is generalized hypoplasia of the trachea. The airway has a normal calibre at the level of the cricoid cartilage and also in the main bronchi. In Type 2, a funnel-like narrowing occurs. The trachea has a normal calibre immediately below the cricoid cartilage but funnels to its narrowest part most frequently just above the carina. In type 3, segmental stenosis may be accompanied by bronchial anomalies. The stenosis may vary in length and may be at various levels 7 . Most often the cartilaginous rings are complete circular rings at the level of the stenosis 8 .
Depending on the severity of the lesion, cases may present early in the neonatal period 9 , in infancy, or childhood when an upper respiratory tract infection causing airway inflammation and oedema precipitates symptoms, or even in adult life 10 . The most common presentation is in infancy with signs of airway compromise. Stridor is usually biphasic and the child may have a history of failure to thrive and recurrent chest infections. As associated congenital anomalies are common, a search should be made for such a possibility during the preanaesthesia evaluation.
The anaesthetist may be called upon to provide anaesthesia for congenital tracheal stenosis in the following situations: in the evaluation of an infant for stridor, which will involve rigid bronchoscopy; in the definitive (operative) management of the stenosis; and in the postoperative evaluation of the repair.
Anaesthesia for rigid bronchoscopy
All infants or neonates who are re-presenting for rigid bronchoscopy investigation of stridor should be assumed to have significant airway compromise unless proven otherwise. They should receive intramuscular atropine premedication 20 µg.kg -1 for both antisialogogue and vagolytic effects. Excessive secretions in a stenotic airway can make inhalational anaesthesia fraught with dangers and impair the bronchoscopic assessment of the lesion. In our institution we routinely use an inhalational induction, 100% oxygen and sevoflurane, and once the patient is "deep" enough, the oropharynx, larynx and trachea are sprayed with lignocaine 5% (up to 3 mg.kg -1 ) to provide topical anaesthesia. Spontaneous respiration is maintained throughout with manual assistance. Once the rigid bronchoscope is inserted, ventilation is assisted via a side-arm. It is very important not attempt to pass the bronchoscope through the stenotic lesion as this may precipitate airway oedema which may lead to a total loss of airway. If a very tight stenosis is suspected, facilities for cardiopulmonary bypass may be required to be available before starting the procedure. We also administer IV dexamethasone 0.25 mg.kg -1 to reduce post instrumentation oedema. At the end of the procedure, all patients who are extubated are given supplementary oxygen and monitored in the intensive care unit (ICU) for at least 24h. Those who have severe tracheal stenosis and in whom airway oedema is anticipated are intubated and brought to the ICU for ventilatory support until oedema subsides or definitive surgery is carried out. Care is taken to ensure that the tip of the endotracheal tube is not abutting against the stenotic portion of the trachea as this will cause more trauma and oedema.
Anaesthesia for tracheoplasty
Slide tracheoplasty is usually performed under cardiopulmonary bypass (CPB). Congenital cardiac anomalies can be corrected at the same time. Premedication is similar to that for bronchoscopy. An inhalational induction is performed and monitoring, including invasive arterial and central venous lines are set up. We prefer to site the central line via the femoral route as small haematomas which may arise from line setting in the neck may present problems during surgical dissection of the great vessels. The site for the arterial line is usually the radial artery.
Ventilation is maintained with air, oxygen and isoflurane using a conventional ventilator. Supplementary fentanyl and midazolam are used. Paralysis is maintained with pancuronium. The anaesthetic gases are humidified and warmed. Slide tracheoplasty is performed by dividing the stenosis at the midpoint, incising the proximal and distal narrowed segments vertically on opposite anterior and posterior surfaces and sliding these together. The stenotic segment is shortened by half, the circumference doubled and the luminal cross-section quadrupled 11 . In patch tracheoplasty, the stenotic segment is incised vertically and the tracheal wall is repaired with either pericardium or a costal cartilage graft. If the stenosis is a very short segment, it may be excised and the trachea anastomosed end-to-end without too much tension.
Various methods have been described for the management of gas exchange during tracheal repair. These include the use of CPB 12, 13 , conventional ventilation 11 and extracorporal membrane oxygenation (ECMO) 3, 14 . High frequency jet ventilation (HFJV) has also been used 15 . Each of the methods mentioned has its advantages and disadvantages and the choice of technique will depend very much on the extent of the stenosis and proposed surgery. The approach may be via a thoracotomy or a sternotomy depending on the site of the lesion. Some proximal lesions may be corrected via a cervical incision and partial sternotomy 11 . ECMO and CPB will provide uninterrupted gas exchange with minimal interference in the surgical field by anaesthetic gases and endotracheal tube or a high frequency ventilation catheter moving in and out of the operative site. The surgeons also do not have to be concerned with "assisting" in the ventilatory management of the patient and can concentrate fully on the surgery. However, there are the problems of heparinization, bleeding and damage to cellular elements of blood to be considered.
In the use of conventional pressure ventilation or HFJV, there must be close communication and cooperation between the surgical and anaesthetic team. There is often a need to reposition tubes midway during the procedure to facilitate surgical accesss to the operation site 16, 17 .
Postoperative management
All patients are ventilated electively after the surgery. Some surgeons prefer to leave the ETT in situ to straddle the repair and act as a stent, while others prefer to leave an endotracheal stent and extubate the patient after ventilatory support for a few days. Humidification of gases together with gentle endotracheal toilet is very important to prevent inspissation of secretions in the trachea which can be life-threatening 9 . The neck is often flexed and the chin stitched to the sternum to minimize tension on tracheal wall sutures. With improved surgical techniques, the trend now is towards early extubation. Occasionally the surgeon may need to perform a flexible fibreoptic bronchoscopic assessment of the repair before extubation. This may be carried out in the ICU under sedation and topical anaesthesia.
After extubation, a period of nasal CPAP is helpful to maintain tracheal patency if there is an element of tracheomalacia and thereafter the child is weaned to nasal prongs and room air.
